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September ##, 2004 
 
 
Chip Humphrey 
Eric Blischke 
US Environmental Protection Agency, Region 10 
811 SW 6th Avenue, 3rd Floor 
Portland, OR 97204 
 
Re:   Lower Willamette River, Portland Harbor Superfund Site 
 USEPA Docket No: CERCLA-10-2001-0240 
 Portland Harbor RI/FS � Winter 2004 ADCP Survey 
 
Dear Mssrs. Humphrey and Blischke: 
 
This letter transmits the results of the Acoustic Doppler Current Profiler (ADCP) survey 
conducted in the Lower Willamette River on January 31, 2004 during a relatively high 
flow event (over 120,000 cubic feet/second).   This ADCP survey was conducted by 
David Evans and Associates, Inc (DEA) and was comparable in scope to the ADCP 
survey conducted on the Lower Willamette in April 2002.  Current profile data were 
collected along 17 cross-river transects distributed from about river mile 1 to river mile 
11 and in the mouth of the Multnomah Channel.   
 
The attached report, prepared by DEA, describes the ADCP data acquisition and data 
processing methods and presents graphical displays of the flow measurements along each 
transect.  The enclosed CD contains the raw ADCP data files from the survey as well as 
the WinRiver application (Version 1.06, RD Instruments, San Diego, CA) that allows the 
data to be accessed.  If you have any questions, please give me a call at (360) 705-3534. 
 
 
Sincerely, 
 
 
 
Gene C. Revelas 
RI Sampling Coordinator 
 
Copies:  Keith Pine, Integral Consulting, Inc. 
Bob Wyatt, NW Natural, LWG Co-Chair  
Jim McKenna, Port of Portland, LWG Co-Chair 
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ADCP Acoustic Doppler Current Profiler 
CFS Cubic feet per second
cm centimeters
DEA David Evans and Associates, Inc.
EPA Environmental Protection Agency
GPS Global positioning system
kCFS thousand cubic feet per second
kHz kilo Hertz  
POS/MV Position and orientation system for marine vessels
Q Total Flow



Willamette River Acoustic Doppler Current Profiler Conducted for Integral Consulting, Inc.
January  2004 Survey Results

Privileged and Confidential:  Work Product Prepared in Anticipation of Litigation Page 1
Conducted by David Evans and Associates, Inc.

JANUARY 2004
WILLAMETTE RIVER ACOUSTIC DOPPLER CURRENT PROFILER

SURVEY RESULTS

1.0 INTRODUCTION

David Evans and Associates, Inc. (DEA), under contract with Integral Consulting, Inc. (formerly
Striplin Environmental Associates), conducted an Acoustic Doppler Current Profiler (ADCP)
survey of the Lower Willamette River in January of 2004 in support of a sediment transport study
for the Portland Harbor Superfund Remedial Investigation. The primary goal of the January 2004
ADCP survey was to meet a United Stated Environmental Protection Agency (EPA) mandate to
measure current velocities within the study area during a high river flow event (over 100 kCFS).
Results from the ADCP survey are to be tied to results from a multibeam bathymetric survey
performed after the same high-flow event.
 
Since the winter of 2001, periodic bank-to-bank multibeam and ADCP surveys have been
performed from River Mile 0 (at the confluence with the Columbia River) to River Mile 15.6 (at
the upper end of Ross Island). In the Spring of 2002, while the Willamette River was at a high
level, David Evans and Associates, Inc. (DEA) conducted a series of current monitoring transects
in the Portland Harbor. This investigation was intended as an overview of current velocities and
direction over the lower 15 miles of the Willamette River. A more thorough analysis of the area
surrounding Multnomah Channel was conducted in May of 2003 during a tidal exchange in the
Portland Harbor. River flows in this area are complicated by flows down the Willamette River,
the Columbia River (3 miles down river), Multnomah Channel (a 36 mile channel to the
Columbia River near St. Helens, Oregon) and the influence of tidal exchanges in Multnomah
Channel and the Columbia River.

The results from this survey will be used to support hydrodynamic/sedimentation modeling
during the Remedial Investigation. Survey operations were conducted on January 31, 2004 during
a 130 kCFS event. This report describes the technology used during the survey, data acquisition
methodology, data processing procedures and results.

2.0 ACOUSTIC DOPPLER CURRENT PROFILING (THEORY OF OPERATION)

The ADCP estimates horizontal and vertical velocity as a function of depth by using the Doppler
effect to measure the radial relative velocity between the instrument and scatterers in the water
column. Three acoustic beams in different directions are the minimal requirement for measuring
the three velocity components. A fourth beam adds redundancy and an error estimate. The ADCP
transmits a ping from each transducer element roughly once per second. The echo arrives back at
the instrument over an extended period, with echoes from shallow depths arriving sooner than
ones from greater ranges. Profiles are produced by range-gating the echo signal, which means the
echo is broken into successive segments called depth bins which correspond to successively
deeper depth ranges. The operator configures the length of each depth bin and the transmit pulse,
which determines the degree of averaging in the vertical, depending on whether one is interested
more in vertical resolution or profile penetration. The relative velocities are rotated from the
transducers to the earth's reference frame using the units internal compass or an externally
supplied heading. Finally, relative velocities and various ancillary parameters are stored on the
survey vessel as raw data files. In shallow areas, such as in rivers, the ADCP can “lock on” to the
bottom and use the bottom track as a very stable reference point from which to calculate absolute
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speed and direction of the unit. This information on the instrument speed and direction is then
subtracted from the relative current information to produce true current velocity and direction.

3.0  DATA ACQUISITION

On January 31, 2004 DEA used the 30-foot survey vessel John B. Preston to conduct Acoustic
Doppler Current Profile (ADCP) measurements across the lower Willamette River near Portland,
Oregon. Seventeen transects located between miles 0 and 11 were profiled over a 9 hour period
during the peak discharge of the flood event. Appendix B includes a graph of observed water
levels on the Willamette at the Morrison Bridge (river mile 12.8), the Clackamas River and the
Willamette River at the Oregon City falls. Also included is a graphic of average flow (Q) from
the ADCP in relation to observed water levels at the Morrison Bridge. The spatial distribution of
the average flow (discharge) is presented in Figure 1. In addition to the graphs, Appendix B
includes tabular data of measured average flow, automated water level observations and staff
gauge observations during the survey.

An RD Instruments 1200 kHz Workhorse Sentinel ADCP was deployed from a rigid pole
mounted on the starboard side of the vessel. Although the unit has an internal compass, the ADCP
was integrated with a more precise heading from the POS/MV GPS/inertial heading system
aboard the survey vessel. An external heading bias of 3.3 degrees was applied during processing.
A draft correction of 2.10 feet was logged and applied to the ADCP data. The system was
configured to collect data at 50 cm (1.64 feet) depth intervals and had a blank after transmit set to
25 cm (0.82 feet) to reduce spurious readings from close to the transducers. The 50 cm bin setting
corresponds to approximately 7 cm per second precision on the readings. The set of depth bins
recorded with each transmission cycle is referred to as an ensemble. Transit speed was kept to
bare minimum to reduce the magnitude of the vessel vector relative to the river currents. This also
enabled more along track acoustic pings to be averaged in post processing to improve the signal
to noise ratio. 

The 17 transect locations (Figure 1) had been determined in advance and corresponded to specific
areas of interest previously surveyed. The river elevations were determined by downloading
logged data at a gauge close to the transect locations. Supplementary flow information is included
in Appendix B.

The ADCP Winriver software, which was used to log the raw data in the field, saves the files with
the date and time in the filename each time logging is commenced. The files recorded in the field
are listed in the daily log that can be found in Appendix C. The r.000 files are raw ADCP files
while the w.000 are configuration files stored during acquisition. The w.001 files contain any
post-processing changes to the data that may have been made. A summary of transect names and
locations is provided in Table 1.



Willamette River Acoustic Doppler Current Profiler Conducted for Integral Consulting, Inc.
January  2004 Survey Results

Privileged and Confidential:  Work Product Prepared in Anticipation of Litigation Page 3
Conducted by David Evans and Associates, Inc.

Table 1:  Transect Locations
Transect ADCP FILE *.000 RIVER MILE LOCATION DESCRIPTION
1 Will_20040131092102_000r. 1.0
2 Will_20040131101800_000r 2.0
3 AM Will_20040131104125_000r 2.5
3 PM Will_20040131165350_000r
4 AM Will_20040131110628_000r 3.1 Upstream of Multnohmah Channel Entrance
4 PM Will_20040131163124_000r
5 AM Will_20040131112600_000r 4.0
5 PM Will_20040131173608_000r
6 Will_20040131114841_000r 4.6 Into Terminal 4 Slip 3
7 Will_20040131121449_000r 5.8 St. John’s Bridge
8 Will_20040131122905_000r 6.3 Off Gasco
9 Will_20040131125046_000r 6.8 Into Willamette Cove
10 Will_20040131133517_000r 7.8 Off Willbridge Terminal
11 Will_20040131135509_000r 8.0
12 Will_20040131141118_000r Swan Island Lagoon (mouth)
13 Did not run this transect. Swan Island Lagoon (upper end)
14 Will_20040131150154_000r 9.6 Across deep hole in channel
15 Will_20040131152224_000r 10.0
16 Will_20040131154356_000r 11.0
17 AM Will_20040131110150_000r 3.0 Across Multnomah Channel 
17 PM Will_20040131171510_000r

4.0 DATA PROCESSING

The raw ADCP files were replayed using WinRiver software. After replay, a screen grab was
taken and saved as a jpeg image for presentation in this report. Appendix A includes an image of
measurements for each transect. A five ensemble average was applied in the along track direction
to improve the data quality. For calculation of flow (Q) through the transect from bank to bank,
distances to the bank were measured using an Advantage Laser handheld range finder. The
distances were measured from the ADCP at the end of the transect to the edge of bank. The Q
calculations extrapolate the closest bank velocities over the distance to the bank and assume a
bottom shape as specified by the user. For these profiles a triangular bottom shape was applied
for the region being estimated. The Q information is located in the lower right hand areas of each
transect plot. In the upper right section of each transect plot is an X, Y graph depicting transect
path and a depth averaged stick plot of the current vector. The upper profile of each transect plot
shows a color plot of the projected current velocities perpendicular to the transect. The lower
profile shows a color plot of the current direction which directly correlates to the velocity data
above. A copy of the WinRiver software and all of the raw data files have been included on a CD-
Rom located in the back of this report.





APPENDIX A

TRANSECT PROFILES



Transect 1 at 09:20 hours – River Mile 1.0



Transect 2 at 10:18 hours – River Mile 2.0



Transect 3 at 10:41 hours – River Mile 2.5



Transect 3 at 16:53 hours – River Mile 2.5



Transect 4 at 11:06 hours – River Mile 3.1 at Entrance to Multnomah Channel



Transect 4 at 16:31 hours – River Mile 3.1 at Entrance to Multnomah l
 Channe



Transect 17 at 11:01 hours – Multnomah Channel



Transect 17 at 17:15 hours – Multnomah Channel



Transect 5 at 11:26 hours – River Mile 4.0



Transect 5 at 17:36 hours – River Mile 4.0



Transect 6 at 11:48 hours – River Mile 4.6



Transect 7 at 12:25 hours – River Mile 5.8



Transect 8 at 12:29 hours – River Mile 6.3



Transect 9 at 12:50 hours – River Mile 6.8



Transect 10 at 13:35 hours – River Mile 7.8



Transect 11 at 13:55 hours – River Mile 8.0



Transect 12 at 14:11 hours – Entrance to Swan Island Lagoon



Transect 14 at 15:01 hours – River Mile 9.6



Transect 15 at 15:22 hours – River Mile 10.0



Transect 16 at 15:43 hours – River Mile 11.0



APPENDIX B

Supporting Hydrologic and Water Level Data



Willamette River Water Levels

Water flow through the Portland Harbor was evaluated respective to water height. Data for
‘Clackamas at Oregon City’, ‘Willamette above the falls at Oregon City’ and ‘Willamette at
Portland’ were used during the analysis. Data were plotted for a common time period for the three
stations, January 24th through February 2nd 2004.  Data from the Clackamas River and the
Willamette River above the Oregon City Falls were adjusted to a scale relative to the Willamette
River at Portland (at noon on January 24th).  The figure below graphically displays the water level
at the three sites over a nine-day period
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Gauge observations along the Willamette River with resect to ADCP transects

Morrison Bridge Gauge Observations at River
Mile 12.8

Staff Gauge Observations ADCP Transects

Date Time
(PDT)

Morrison
Gauge

CRD NAVD88 Location CRD NAVD88 Transect
Number

Flow
(cfs)

River
Mile

Location

1/31/2004 0:00 10.66 10.36 15.76
1/31/2004 1:00 10.68 10.38 15.78
1/31/2004 2:00 10.59 10.29 15.69
1/31/2004 3:00 10.53 10.23 15.63
1/31/2004 4:00 10.43 10.13 15.53
1/31/2004 5:00 10.36 10.06 15.46
1/31/2004 6:00 10.26 9.96 15.36
1/31/2004 7:00 10.17 9.87 15.27
1/31/2004 8:00 10.10 9.80 15.20
1/31/2004 8:06 Terminal 5 RM 1.0 9.85 14.55
1/31/2004 9:00 10.09 9.79 15.19 Terminal 5 RM 1.0 9.80 14.50

9:20 1 100723 1.0
1/31/2004 9:57 Terminal 5 RM 1.0 9.50 14.20
1/31/2004 10:00 10.14 9.84 15.24

10:18 2 98635 2.0
10:41 3 92749 2.5 Below Mult. Channel

1/31/2004 11:00 10.29 9.99 15.39
11:01 17 31242 Multnomah Channel
11:06 4 126700 3.1 Above Mult. Channel
11:26 5 125474 4.0 Above Mult. Channel
11:48 6 125897 4.6 T-4 Slip 3

1/31/2004 12:00 10.41 10.11 15.51
12:14 7 129165 5.8 St. John's Bridge

1/31/2004 12:25 US Moorings RM 6.0 9.90 15.10
12:29 8 130142 6.3
12:50 9 130255 6.8 Willamette Cove

1/31/2004 13:00 10.50 10.20 15.60



Morrison Bridge Gauge Observations at River
Mile 12.8

Staff Gauge Observations ADCP Transects

Date Time
(PDT)

Morrison
Gauge

CRD NAVD88 Location CRD NAVD88 Transect
Number

Flow
(cfs)

River
Mile

Location

13:35 10 129757 7.8
13:55 11 130572 8.0

1/31/2004 14:00 10.56 10.26 15.66
14:11 12 63 Swan Is. Lagoon

1/31/2004 15:00 10.52 10.22 15.62
15:01 14 130150 9.6

1/31/2004 15:11 Terminal 2 RM 10.0 10.00 15.30
15:22 15 129274 10.0
15:43 16 129181 11.0

1/31/2004 16:00 10.51 10.21 15.61
1/31/2004 16:11 US Moorings RM 6.0 9.95 15.15

16:31 4 130580 3.1 Above Mult. Channel
16:53 3 99838 2.5 Below Mult. Channel

1/31/2004 17:00 10.50 10.20 15.60
17:15 17 31720 Multnomah Channel
17:36 5 130738 4.0 Above Mult. Channel

1/31/2004 18:00 10.47 10.17 15.57
1/31/2004 18:02 Terminal 5 RM 1.0 9.9 14.60
1/31/2004 19:00 10.45 10.15 15.55
1/31/2004 20:00 10.37 10.07 15.47
1/31/2004 21:00 10.31 10.01 15.41
1/31/2004 22:00 10.27 9.97 15.37
1/31/2004 23:00 10.25 9.95 15.35



Time Series Comparison between Measured Flow and Water Levels

The effect of tide on flow is evident in the graphic below.  Notice the inverse relationship
between the amount of flow at each transect and the water level height.  As the tide goes out,
there is less impoundment of water within the channel (less resistance) and flow increases.  Also
notice the reduction of flow from transects upstream and downstream of the Multnomah Channel.
The approximate 31,000-cfs reduction is roughly equal to the flow measured in Multnomah
Channel at transect 17.  At 11:10 the flow measured by the ADCP was 31,242 cfs and at 17:15
the flow was measure to by 21,720 cfs.
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APPENDIX C

DEA HYDRO SURVEY LOGS














